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Abstract

O r b i t i n g  VI,}31 (OVI,I)l) a s t r o n o m i c a l o b s e r v a t i o n s  arc based u p o n
mcasurcmcnts  acquired simultaneously from ground-based and 14;arth  -
orbiting  raclio  t e l e s c o p e s . l~y the m i d  1 9 9 0 ’ s ,  t w o  o r b i t i n g  V],]]]
observatories, Russia’s Rcdioasiron,  and Japan’s VSO}’, will augment the
worldwide V.1,131 network, providing baselines to ltarth radio telescopes as
large as 80,000 km. ‘1’hc challcn~e for OVJ. }11 is to e f f e c t u a t e  space to
grouncl  raclio  tclescopc clata  cross-corrclaticm  (the obscrvaticm)  to a level of
integrity  currmt]y achieved  between  g r o u n d  r a d i o  tdescopcs,  IIut, VI.)]]
r a d i o  tclescoIpcs  require ultra- stab]c f r e q u e n c y  ancl timing rcfcrcmccs in
orclcr that ]Iong term o b s e r v a t i o n s  m a y  be made wi thout  ser ious  cross-
corrcdation  10ss clue to frequency source clrift ant] phaso  noise. ]{’o,. t}~is
r e a s o n , s u c h  instrumcni,  s m a k e  u s c  o f  h y d r o g e n  m a s e r  f r e q u e n c y
stanclarcls.  “LJl~fori,~~~~ai,cly,  space-c]ualificd hydro~cm  maser oscillators are
currently not available for use on OVl ,111 salmllites.  ‘J”hus, the necessary
l o n g - t e r m  s t a b i l i t y  ncwdcd  by the orbitilig  raclio  tclcscopc  may only  be
obta ined  by microwave up]i  nking  a [:rouncl-bascc]  h ydrogcn  maser clm:ivccl
frequency to the satellite. Althoug]l  the idea of uplinkins  the frcc~ucmcy
stanc]ard  in t r ins ica l ly  seems simple, there are m a n y  “ c o n t a m i n a t i o n s ”
which degrade both the long and snort term stability of the t ransmit ted
rcfcrcnce. Factors which corrupt frequency ancl t iming accuracy include
aclclitive, radio  ancl e lec t ronic  c i rcui t  thermal  noise, s low or  sys temat ic
phase  migration clue to changes of electronic circuit  temporal operating
conclitic)ns  (cspccial]y tmnpcraturc),  ionosphere  ant ]  t roposphere  incluccc]
scintillation’s, rcsidua]  l)opplcr.  incited components, and microwave signal
multi  path propagation, W h a t  i s  i m p o r t a n t ,  thou[;h,  is to realize t h a t
u l t imate  s tab i l i ty  does not have to be achicvcd  in  mal- t ime. ]nstcacl,
information needed  to produce a high clcgrcc  of cohcmmce  in the subscc]ucmt
~l’oss-cc)rr~]~lti  oll operation may bc: c]c!rivcc]  from a two-way cohcrcnt  rac]io
link, rccordc!d,  and later introc]uccd  as compensations adjunct to the Vl ,1~1
cc)rrclation  process. Accordingly, this paper examines the technicluc  for
stable frequcmcy/tinle  transfer within the OVl ,111 systcm, together with a
cr i t ique  of  the  types of link clc~radation  c o m p o n e n t s  w h i c h  m u s t  be
compcmsatcd,  and the fieurcs  of merit known as coherence fi~ctc)rs.
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